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(57) [Abstract ] 
[Objective ] 

Occurrence of sintering at time of calcining catalyst or timeof 
use is lost, manufacturing method of nitrate removing catalyst 
which possesses high denitrifying activity is offered. 

[Constitution ] 

To fill ammonia to exhaust gas containing nitrogen oxide , 
regarding to the method which produces nitrate removing 
catalyst which catalytic reduction does nitrogen oxide with 
the this ammonia as reducing agent , it reacts with hot water 
vapor and to designate the active component which consists 
of oxide of one kind or more which is chosen from 
molybdenum , tungsten , vanadium as compound where vapor 
pressure is high, this compound , site where compound was 
formed and it exists inside space which is continued 
contacting with carrier which consists of theinside one kind or 
more of titania which precipitated silica to silica , alumina , 
titania , zirconia , niobia , zeolite and surface which are 
heated, catalyst component is borne in carrier surface . 

[Effect (s )] 

nitrate removing catalyst whose resistance sintering 
characteristic is high with high activity can be produced with 
low cost . 
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[Claim (s )] 
[Claim 1 ] 
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molybdenum (Mo ), tungsten (W ), active component which 
consists of oxide of one kind or more which is chosen from 
vanadium (V ) reacting with hot water vapor in manufacturing 
method of nitrate removing catalyst which catalytic reduction 
does nitrogen oxide in exhaust gas which contains ammonia 
which as nitrogen oxide and reducing agent was 
filled,forming compound where vapor pressure is high, 
manufacturing method . of nitrate removing catalyst which 
designates that thin film of active component oxide isformed 
in carrier surface said compound which it forms site where 
compound was formed and by contacting with carrier which 
consists of the one kind or more of silica , alumina , titania , 
zirconia , niobia and zeolite which it exists inside space which 
is continued are heated, as feature 

[Claim 2 ] 

(1) molybdenum (Mo ), tungsten (W ), active component 
which consists of oxide of one kind or more which is chosen 
from vanadium (V ) and carrier whichconsists of one kind or 
more of silica , alumina , titania , zirconia , niobia and zeolite 
contacting in the manufacturing method of nitrate removing 
catalyst which catalytic reduction does nitrogen oxide in 
exhaust gas whichcontains ammonia which as nitrogen oxide 
and reducing agent was filled, manufacturing method . of 
nitrate removing catalyst which exposes (2) said carrier and 
said active component to the hot water vapor and designates 
thing as feature 

[Claim 3 ] 

molybdenum (Mo ), tungsten (W ), active component which 
consists of oxide of one kind or more which is chosen from 
vanadium (V ) reacting with hot water vapor in manufacturing 
method of nitrate removing catalyst which catalytic reduction 
does nitrogen oxide in exhaust gas which contains ammonia 
which as nitrogen oxide and reducing agent was filled, first 
step, which forms compound where vapor pressure is high 
said compound which is formed site where compound was 
formed and it existsinside space which is continued in 
contacting with carrier whichconsists of one kind or more of 
silica , alumina , titania , zirconia , niobia and zeolite which 
are heateddepending, manufacturing method . of nitrate 
removing catalyst which designates that process which 
consistsof second step which forms thin film of active 
component oxide in carrier surface isrepeated multiple times 
as feature 

[Claim 4 ] 

In manufacturing method of nitrate removing catalyst which 
catalytic reduction does nitrogen oxide in exhaust gas which 
contains ammonia which as nitrogen oxide and reducing agent 
was filled,(l) molybdenum (Mo ), tungsten (W ), active 
component which consists of oxide of one kind or more which 
is chosen from vanadium (V ) and, manufacturing method . of 
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nitrate removing catalyst which designates that process which 
carrier which consists of one kind or more of silica , alumina , 
titania , zirconia , niobia and zeolite exposes the first step. (2) 
said carrier and said active component which contact to hot 
water vapor and consistsof second step is repeated multiple 
times as feature 

[Claim 5 ] 

manufacturing method . of nitrate removing catalyst which 
designates that multilayer film of composition of option is 
formed with order of option in Claim 3 , bymaking 
composition of option in degree which treats active 
component which reacts in water vapor , as feature 

[Claim 6 ] 

manufacturing method . of nitrate removing catalyst which 
designates that multilayer film of composition of option is 
formed with order of option in Claim 4 , bymaking 
composition of option in degree which treats active 
component which contacts carrier in water vapor , as feature 

[Claim 7 ] 

Precipitating silica beforehand to titanium dioxide surface in 
manufacturing method of the nitrate removing catalyst which 
catalytic reduction does nitrogen oxide in exhaust gas which 
contains the ammonia which as nitrogen oxide and reducing 
agent was filled, to form carrier ,molybdenum (Mo ), tungsten 
(W ), active component which consists of oxide of one kind or 
more which is chosen from vanadium (V ) reacting with hot 
water vapor , Forming compound where vapor pressure is 
high, manufacturing method . of nitrate removing catalyst 
which designates that active component layer is borne in 
carrier surface by contactingwith aforementioned carrier 
which site where compound wasformed is arranged said 
compound which it forms inside space which iscontinued is 
heated, as feature 

[Claim 8 ] 

Regarding to method which produces nitrate removing 
catalyst in order catalytic reduction todo nitrogen oxide in 
exhaust gas which contains ammonia which was filled as 
nitrogen oxide and reducing agent , beforehand, slurry and 
includes silicon compound solution or gas which include 
titanium dioxide powder or titanium dioxide contacting, 
precipitating silica to titanium dioxide surface , next, 
manufacturing method . of nitrate removing catalyst which 
designates that it contacts with the one kind or more of 
compound which under existing of water vapor forms these 
oxide with oxide , or thermal processing of said precipitation 
body and the vanadium , tungsten or molybdenum as feature 
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[Description of the Invention ] 
[0020] 

Working Example 2 
Working Example 1 

With making use of same equipment , other than designating 
electric furnace inside temperature as200 deg C, it tested with 
completely same condition . 

Working Example 3 

Working Example 1 

With making use of same equipment , other than designating 
electric furnace inside temperature as900 deg C, it tested with 
completely same condition . 

Working Example 4 

Working Example 1 

With making use of same equipment , other than designating 
electric furnace inside humidity as 100% water vapor , it tested 
with completely same condition . 

Working Example 5 

Working Example 1 

With making use of same equipment , other than designating 
tungsten oxide (5 g )as active component , it tested with 
completely same condition . 

[0032] 

Working Example 2 6 

molybdenum trioxide powder was used in place of vanadium 
pentoxide powder . 

It treated other things in same way as Working Example 2 0. 
Working Example 2 7 

molybdenum trioxide powder was used in place of vanadium 
pentoxide powder . 

It treated other things in same way as Working Example 2 1 . 
Working Example 2 8 

molybdenum trioxide powder was used in place of vanadium 
pentoxide powder . 

It treated other things in same way as Working Example 2 2. 

Comparative Example 1 5 

-23 

Working Example 2 0 
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- air sink * was treated in place of water vapor in the 
treatment method of 28. 

Comparative Example 24 

-26 

Working Example 2 0 

- It made ethyl silicate no addition in treatment method of 22. 
[0033] 

Test Example 

powder fragment doing catalyst which is acquired with 
Working Example and Comparative Example granulating it 
made 10-20 mesh , measured denitrifying activity and 
crystallite diameter with thebelow-mentioned condition . 



DJKWJStt 



1) denitrifying activity 



reaction temperature 



: 350°C 



350 



H3 :200 ppm 



H3 :200 ppm 



02 :3% > N2 1 7m/h2)fgaT-gMS§E:550'fc 



02 :3% , N2 :residual gas flow rate : 1 7m/h 2) crystallite diameter treatment temperature :550* 



treatment time :2 hours 



■ 11 12 l=K»«<DlS££*-*\ 

$ 1 ) y v m ± <D ffi il Rg L x i> & t <D 1 4 n 

[0034] 



From half height bandwidth calculation) 

Result of Test Example is shown in Figure 1 1 and Figure 12 . 

From this result, as for catalyst of this invention , while 
maintaininghigh NOx removal efficiency, it understands to in 
each case that itprevents also sintering . 

Vis-a-vis this, with those of Comparative Example , those 
which achieve both of high NOx removal efficiency and 
sintering prevention are not found. 

[0034] 

carrier shape which can treat with this working example 
method with conventional extrusion molding method is good, 
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[0002] 
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any shape such as honeycomb shape , platelet , condition and 
cylinder , granule . 

As for amount of movement to carrier of active component it 
is possible to do easilyby fact that concentration of reaction 
time , reaction temperature , water vapor is controlled. 

[0001] 

[Field of Industrial Application ] 

this invention relates to manufacturing method of nitrate 
removing catalyst , using ammonia as theespecially reducing 
agent , with manufacturing method of nitrate removing 
catalyst which removes nitrogen oxide in exhaust gas , 
especially maintains high denitrifying activity , regards 
manufacturing method of nitrate removing catalyst which at 
same time controls activity decrease of catalyst with 
sintering . 

[0002] 

[Prior Art ] 

gist of Prior Art which removes nitrogen oxide in combustion 
exhaust gas is shownin Figure 6 . 

exhaust gas which comes out of boiler 12 is mixed ammonia 
by NH<sub>3 </sub>inlet part 17 which is provided in 
exhaust gas smoke path , nitrogen oxide in exhaust gas is 
reduced isremoved by contacting with nitrate removing 
catalyst which is provided inside the nitrogen oxide-removal 
device 13. 

exhaust gas which is removed after heating combustion air 
which is suppliedto boiler in air preheater 14, dust removal is 
done in dust collector 15, from the exhaust gas chimney 16 is 
discharged in atmosphere . 

this equipment nitrogen (N<sub>2 </sub> ) with disassembles 
nitrogen oxide (For most part, it is a NO, but because also 
NO<sub>2 </sub>, N<sub>2 </sub>0 other component 
exists, NOx you call ) in water vapor (H<sub>2 
</sub>0 )with ammonia (NH<sub>3 </sub> ) which was 
filled by in smoke path filling ammonia with suitable 
temperature approximately of 400 deg C, as reducing agent . 

this occasion, reaction rate and reaction ratio in said reacting 
nitrate removing catalyst isutilized in order to improve. 

manufacturing method of nitrate removing catalyst generally, 
after bearing oxide whichbecomes active component in high 
specific surface area (Approximately 100 m<sup>2</sup>/g 
or more ) oxide which becomes carrier , hastaken process that 
is calcined. 

[0003] 

As nitrate removing catalyst , with titanium dioxide as main 
component (This catalyst support doing ), those which one 
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kind or more add vanadium oxide , tungstate , molybdenum 
oxide or other active component are used. 

As manufacturing method of this catalyst , after kneading 
titanium dioxide and active component , in paste method 
which it dries and calcines is adopted to be manyrelatively. 

this occasion, from highly active catalyst is acquired by 
dispersing active component to uniform in said carrier . 

Because of that, in case of for example vanadium pentoxide , 
dispersivity was improved the vanadate by mixing with titania 
slurry which after melting, includes sulfate group in oxalic 
acid . 

[0004] 

[Problems to be Solved by the Invention ] 

But, with above-mentioned method , one time, necessity to 
make slurry or paste which adds water causes carrier , in 
orderto add, in aqueous solution in addition active component 
active component starting material is easy to become 
expensive ones, Furthermore to bear in uniform , certain 
extent lengthy churning (When of slurry ) or kneading the 
problem such as thing where it becomes necessary (When of 
paste ), was included. 

In addition, tungsten oxide layer is formed in for example 
carrier surface and with conventional method towhich also 
multilayer film conversion of active component that uses 
liquid phase vanadium oxide layer is provided in surface , it 
was actualization difficult. 

[0005] 

On one hand, when molybdenum oxide is designated as active 
component , method thatis devised, vapor deposition is made 
titanium dioxide powder which heats in molybdenum oxide 
vapor (Japan Examined Patent Publication Sho 
57-71 lOdisclosure ). 

this method is effective vis-a-vis molybdenum oxide , but 
vis-a-vis vanadium oxide and tungsten oxide because vapor 
pressure of these oxide it is low it is not a practical . 

Concerning multilayer film conversion of active component , 
because effect is littlevis-a-vis active component other than 
molybdenum oxide , those which it cannot cope. 

[0006] 

Furthermore with above-mentioned method , when calcining 
or timeof actual machine use there is a phenomenon (With 
phenomenon which surface area decreases, following 
sintering youabbreviate. ) which crystallite diameter of 
titanium dioxide increases, there was a problem that as a 
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result, NOx removal efficiencydecreases. 

this sintering phenomenon when vanadium oxide or other 
active component is borne, is phenomenon which becomes 
the further remarkable. 

High denitrifying activity is achieved, as much as possible it 
is necessary toprevent this sintering phenomenon . 

Being ideal to prevent contact of titanium dioxide particle as 
method whichdecreases sintering , there is a method which for 
example ethyl silicate after in the titanium dioxide beforehand 
adding & drying, adds active component and kneading * it 
dries &calcines. 

this method precipitating microscopic silica to surface of 
titanium dioxide , is the method which prevents sintering 
titanium dioxide particle . 

But, bearing active component like vanadium oxide in particle 
which is acquiredwith this method as way, in case of titanium 
dioxide alone comparing, bearing, itis difficult, there was a 
problem that high denitrifying activity is not acquired 
asresult. 

[0007] 

It is to offer manufacturing method of nitrate removing 
catalyst where objective of this invention solves problem of 
above-mentioned Prior Art , possesses high denitrifying 
activity , can control activity decrease with sintering . 

[0008] 

[Means to Solve the Problems ] 

In order to achieve above-mentioned objective , invention 
which the Patent Claim is done as follows is with this 
application . 

molybdenum (Mo ), tungsten (W ), active component which 
consists of oxide of one kind or more which is chosen from 
vanadium (V ) reacting with hot water vapor in manufacturing 
method of nitrate removing catalyst which catalytic reduction 
does nitrogen oxide in exhaust gas which contains ammonia 
which as (1) nitrogen oxide and reducing agent wasfilled, 
forming compound where vapor pressure is high, 
manufacturing method . of nitrate removing catalyst which 
designates that thin film of active component oxide isformed 
in carrier surface said compound which it forms site where 
compound was formed and by contacting with carrier which 
consists of the one kind or more of silica , alumina , titania , 
zirconia , niobia and zeolite which it exists inside space which 
is continued are heated, as feature 

(1) molybdenum (Mo ), tungsten (W ), active component 
which consists of oxide of one kind or more which is chosen 
from vanadium (V ) and carrier whichconsists of one kind or 
more of silica , alumina , titania , zirconia , niobia and zeolite 
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contacting in the manufacturing method of nitrate removing 
catalyst which catalytic reduction does nitrogen oxide in 
exhaust gas whichcontains ammonia which as (2) nitrogen 
oxide and reducing agent was filled, manufacturing method . 
of nitrate removing catalyst which exposes (2) said carrier and 
said active component to the hot water vapor and designates 
thing as feature 

molybdenum (Mo ), tungsten (W ), active component which 
consists of oxide of one kind or more which is chosen from 
vanadium (V ) reacting with hot water vapor in manufacturing 
method of nitrate removing catalyst which catalytic reduction 
does nitrogen oxide in exhaust gas which contains ammonia 
which as (3) nitrogen oxide and reducing agent wasfilled, first 
step, which forms compound where vapor pressure is high 
said compound which is formed site where compound was 
formed and it existsinside space which is continued in 
contacting with carrier whichconsists of one kind or more of 
silica , alumina , titania , zirconia , niobia and zeolite which 
are heateddepending, manufacturing method . of nitrate 
removing catalyst which designates that process which 
consistsof second step which forms thin film of active 
component oxide in carrier surface isrepeated multiple times 
as feature 

In manufacturing method of nitrate removing catalyst which 
catalytic reduction does nitrogen oxide in exhaust gas which 
contains ammonia which as (4) nitrogen oxide and reducing 
agent wasfilled, (1) molybdenum (Mo ), tungsten (W ), active 
component which consists of the oxide of one kind or more 
which is chosen from vanadium (V ) and, manufacturing 
method . of nitrate removing catalyst which designates that 
process which carrier which consists of one kind or more of 
silica , alumina , titania , zirconia , niobia and zeolite exposes 
the first step. (2) said carrier and said active component which 
contact to hot water vapor and consistsof second step is 
repeated multiple times as feature 

manufacturing method . of nitrate removing catalyst which 
designates that multilayer film of composition of option is 
formed with order of option by making composition of option 
in degree which treats active component which reacts in the 
water vapor at time of inventing which is stated in 

(5) above-mentioned (3), as feature 

manufacturing method . of nitrate removing catalyst which 
designates that multilayer film of composition of option is 
formed with order of option by making composition of option 
in degree which treats active component which contacts the 
carrier in water vapor at time of inventing which is stated in 

(6) above-mentioned (4), as feature 

Precipitating silica beforehand to titanium dioxide surface in 
manufacturing method of the nitrate removing catalyst which 
catalytic reduction does nitrogen oxide in exhaust gas which 
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Ztef&L. ^U^t^Mo), $>?X-t>(W), /n* 



[0009] 

>fccfctfgHb^U^f ? >litl)&£;K£( m. 

Wenzel and R. Gruehn: Z. anorg. allg. Chem. 568 
(1989) 95-105 ,0. Glemser and R. v. Haeseler: Z. 
anorg. allg. Chem. 316 (1962) 168)Z<tA<ftlbtl 



Step 1: ^jROftft-r-BjfeftT-CI*. attJ* 
^K^b^<t7K^m<tA<JSf5Lr^mE(7)iiil> 



contains the ammonia which as (7) nitrogen oxide and 
reducing agent was filled, to form the carrier , molybdenum 
(Mo ), tungsten (W ), active component which consists of the 
oxide of one kind or more which is chosen from vanadium 
(V ) reacting with the hot water vapor , Forming compound 
where vapor pressure is high, manufacturing method . of 
nitrate removing catalyst which designates that active 
component layer is borne in carrier surface by contactingwith 
aforementioned carrier which site where compound 
wasformed is arranged said compound which it forms inside 
space which iscontinued is heated, as feature 

Regarding to method which produces nitrate removing 
catalyst in order catalytic reduction todo nitrogen oxide in 
exhaust gas which contains ammonia which was filled as(8) 
nitrogen oxide and reducing agent , beforehand, slurry and 
includes the silicon compound solution or gas which include 
titanium dioxide powder or titanium dioxide contacting, 
precipitating silica to titanium dioxide surface , next, 
manufacturing method . of nitrate removing catalyst which 
designates that it contacts with the one kind or more of 
compound which under existing of water vapor forms these 
oxide with oxide , or thermal processing of said precipitation 
body and the vanadium , tungsten or molybdenum as feature 

[0009] 

[Working Principle ] 

As for vanadium pentoxide , tungsten trioxide and 
molybdenum oxide ( M Wenzel and R. Gruehn: Zeitschrift 
flier Anorganische und Allgemeine Chemie (0044 - 2313, 
ZAACAB ) 568 (1989) 95 - 105, O. Glemser and R. v. 
Haeseler: Zeitschrift fuer Anorganische und Allgemeine 
Chemie (0044 - 2313, ZAACAB ) 316 (1962) 168) thing 
which is transported isinformed according to literature of 
chemistry transport method, by the water vapor and 
temperature gradient . 

But, whether or not as for these, because said active 
component it is notsomething which to on said catalyst 
support which consists of different substance istransported 
unlike this patent , active component moves inventor , on 
catalyst support component in water vapor , when experiment 
was done, in each case fact that thequite amount of transport 
increases in comparison with in atmosphere was discovered. 

At that occasion, from fact that difference of active 
component deposited amount existswith carrier substance , in 
case of this , it is not a simple chemistry transport, itis thought 
thing with continuation of next kind of reactionwhich is 
shown in Figure 7 . 

Until under condition where step 1 : water vapor exists, active 
component oxide and water vapor reacting, it forms 
compound where vapor pressure is high, becomes the 
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Step 2: K<b£*li*«ft££fca«*lctt 

step 3: mtGmt-fe<Dtemvtai*mmtm 

M L > CVD( Chemical Vaper 

Deposition:<b^3K»)JRlClCcky , -»0)<b^ 

[0010] 

l*£<b1-£ 0 



300 deg C 600 deg C, ifc^'J^li 200 
deg C frb 550 deg C. £/cK<b$l/yXx>l* 
350 deg C fr& 900 deg C 0)«illA<fSl&&-ftft 

[0011] 

cvd fi(6-efc*fci<).ff*(D<b^«a)^*«f 

*mmitimteiztj:z. 



(Si0 2 )A<^b^>*5^(7)Mlc«ftti-r^o 



equilibrium vapor pressure it evaporates. 

scattering it designates step 2: said compound as in gas phase 
which includes the water vapor . 

Disassembling with carrier surface , precipitates compound of 
part step 3: said compound contacts with carrier surface with 
fixed probability , due to so-called CVD ( Chemical Vaper 
deposition xhemical vapor deposition )reaction, as oxide of 
active component . 

[00 1 0] 

Because of this , depending on water vapor concentration , 
vapor temperature , carrier surface temperature and carrier 
composition , amount of transport of active component 
changes. 

As for these reactions approximately, as for vanadium oxide 
from 300 deg C as for 600 deg C, molybdenum oxide when 
range of 900 deg C considers phase transition * vapor pressure 
from 350 deg C, it is easy to operate 550 deg C, and tungsten 
oxide from 200 deg C. 

In addition, when also water vapor concentration is low 
excessively, because effect islittle, it is desirable to be 10% or 
more . 

Furthermore, it is good treating with inert atmosphere , but 
one which isdone in atmosphere , is usually profitable in any 
point of cost aspect , work surface . 

[0011] 

In addition, because mechanism which to basic is precipitated 
to carrier surface is CVD reaction , being possible to 
precipitate only compound of option , active component 
multilayer film conversion of carrier surface becomes 
possible. 

When it adds compound , for example ethyl silicate which 
includes silicon to titanium dioxide anddries, microscopic 
silica (SiO<sub>2 </sub> ) precipitates between titanium 
dioxide particle . 

As a result, each titanium dioxide particle contacts through 
silica , it groans, itprevents sintering when it is heated to high 
temperature . 

boiling point is low and as compound which includes silicon , 
compound which can do treatment with low temperature 
being ideal, it is desirable touse methyl silicate and silicon 
fluoride acid (H<sub>2 </sub>SiF<sub>4 </sub> ) other than 
above-mentioned ethyl silicate . 

As addition quantity , when addition quantity is little 
excessively, syn talin preventing effect being insufficient , 
when addition quantity is many excessively, because amount 
of movement of active substance decreases, 5 - 20% it is ideal 
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[0012] 

12 13 l#T'(Mii?)\,$: t MULtzMib?$ytZ. 

mt/M-V^ A^ffiM^-B-s 550 deg C V 2 B#ffl 

#f(xps)*S£-e&<5o 

micfc^T#i!il*^^x^;u^--eJSfi||iiii3t 
HI 13 <D(*)te%®fi.tf*%<Di9>-e;V(b)\mm 

(V2p)A<5i<l2tobti/c. 

[0013] 



<* « ffi -C £ £ J$ # <D £ ® |)g < 1 1 pI ft I :: 

[0014] 



1995-4-25 

with weight ratio of titanium dioxide to do. 

On one hand, inventors amount of movement of active 
component to result, titanium dioxide and silicon which 
various examined reactivity of vanadium , tungsten , 
molybdenum which is a titanium dioxide and a silica and a 
active component in water vapor discovered fact thatquite it 
increases in comparison with in atmosphere . 

This, under condition where water vapor exists, active 
component and water vapor reacting, forms compound where 
vapor pressure is high, scattering makes in gas phase which 
includes water vapor contacts with carrier surface , compound 
of part disassembling with surface , is thought for sake ofit 
precipitates as oxide of active component by so-called CVD 
( Chemical Vaper deposition : chemical vapor deposition ) 
reaction. 

[0012] 

Figure 13 after contacting, 2 hours treating titanium dioxide 
and vanadium pentoxide which add ethyl silicate with 550 
deg C, is photoelectron spectroscopy (XPS ) result of titanium 
dioxide surface . 

As for abscissa as for vertical axis it is a strength with bond 
energy in thefigure. 

As for (a ) of Figure 13 (b ) when atmosphere is water vapor , 
is withwhen atmosphere is atmosphere . 

In water vapor it could recognize peak (V2p ) which is 
suitable to the vanadium in surface strongly, in atmosphere 
vis-a-vis peak (V2p ) whichis suitable to vanadium being 
weak in unusual with this result. 

Effect of water vapor for movement of such active component 
was recognizedother than vanadium regarding tungsten or 
molybdenum . 

[0013] 

Depending on water vapor concentration , vapor temperature , 
carrier surface temperature , in order to change, to do 
concentration adjustment of the active component which 
responds to objective with temperature , time of reactor 
andcontrolling water vapor concentration , it is possible 
amount of transport of active component . 

In addition, with carrier surface also multilayer film 
conversion of active component becomespossible by 
sequential changing types of active component . 

[0014] 

[Working Example (s )] 

manufacturing method of catalyst which is borne catalytically 
active component in under atmosphere where water vapor 
exists in catalyst support and catalyst which is producedwith 
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£-&%ffi\~f£±t% NO, N0 2 $0>g3il^t$&l 

yxx>(w>, /<^-s?«>A(v)^6atf*ifc-a 



[0016] 

*fi<-r*ctlc«feyig*®jailA<»64i-5. 



-*«lcffiMifcMll#IH](** l 0gfiE)£»<& 
fc«Xci4*«ft«Kte io%lil±T-fe^ziA< 

[0017] 

T\ 9ft % 350 deg C fel± 550 deg C JilTA<»* 

«tstta»fl>jasA<iPi«-e*-6MttJS<» 

600 deg C BLtdftURLTt At*. 



[0018] 

Sa*-efc*ltf 350 deg C WTT-fc+tt&llrf £ 
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above-mentioned method causing sintering in when calcining, 
orwhen using manufacturing method of catalyst in order to 
prevent fact that catalytic activity decreases is included in 
invention of this application . 

Therefore, concerning former which first becomes basis you 
express Working Example , you explain Working Example 
next concerning the latter . 

[0015] 

As for nitrate removing catalyst bearing method of this 
invention , molybdenum which possesses actionwhich is 
disassembled in N<sub>2 </sub> and H<sub>2 </sub>0 
fossil fuel vis-a-vis NO, NO<sub>2</sub>or other nitrogen 
oxide which occurs occasion where it burns, with NH<sub>3 
</sub> as reducing agent , (Mo ), tungsten (W ), active 
component which consists of oxide of one kind or more which 
is chosenfrom vanadium (V ) it is something regarding 
method which is borneon carrier which consists of one kind or 
more of silica , alumina , titania , zirconia , niobia and 
zeolite . 

[0016] 

As for this invention which as for atmosphere where carrier 
and active component exist in, water vapor is included. 

One where water vapor concentration is high is promoted as 
for transport of the active component , but when water vapor 
concentration is low, equal effect is acquired by making 
treatment time long. 

In order generally to obtain proper treatment time (maximum 
1 day extent), as for water vapor concentration itis desirable 
to be 10% or more . 

[0017] 

In addition, atmospheric temperature higher one transport rate 
becomes large,but sintering (Sintering) phenomenon of carrier 
to occur, when specific surface area decreases, because it is, 
usually, 350 deg C or greater 550 deg C or less is desirable. 

Furthermore, in case of invention which is stated in Claim 1, 
itis not necessary for temperature of carrier and temperature 
of active component to be equal, like tungsten trioxide when 
compound where transport rate is small relatively is borne, it 
is good heating only active component to 600 deg C or 
greater . 

[0018] 

In addition, when active component is molybdenum oxide , 
because vapor pressure is high incomparison with other active 
component originally, difference of effect in atmosphere and 
in water vapor is less. If it is in water vapor , because fully it 
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COT*. 200 deg C frt> 350 deg C gjf <D&J£T*0) 
[0019] 

ei 1 14, *m%mz&-3^xfti$.LtzMmmm 

1 I4fii* 2 affile^)! 
fcfc*U Wfifcin?l4fc<, ft nm OSttB6»tt 

S tt BE «• t £ <* fi£ » <D m ± £ ;I £ L T A 
**««t>T?flto£Lfc*£4,5SttJ«#(4 



l 131 2 (=«r#v*;*MftJF 3 flSUlc 



j*»fcLrmb/w«>A(5g)«* 9 £a*u 

120m 2 /g, 010X5' )11 *^fl.tti«feyftyTlf 



■tOttttTfrtMK 550 deg C T? 2 l$[HjflVJi£ 



[0021] 
JfaflJ 1 



»i:LfcJSl>H4^<Si:ftltTfK«*fT3S:ofc. 



moves with as much as 350 deg C or less, with temperature of 
350 deg C extent to obtain catalyst where low temperature 
activity which prevents sintering of carrier with calcining,is 
high from 200 deg C, it is suitable. 

Furthermore, with this working example as for shape of 
carrier it is a pellet , but as for this, being because catalytic 
activity can be comparedeasily, as for shape of carrier it is 
good to good andspecific shape (platelet , honeycomb ) 
forming even with while it is a powder . 

[00 1 9] 

Figure 1 is schematic diagram of catalyst surface which was 
drawn up on basis of invention of this application . 

active component 1 in carrier 2surface is borne in thin layer . 

However, is not a dense film , it has become kind of state 
which the active component particle of several nm laminates. 

Mixing powder of active component and carrier component , 
after forming and in the water vapor when it calcines, it 
disperses active component to catalyst surface . 

But, when amount of active ingredient which with mixture of 
powder when, is mixed ismany when active component 
powder remains, it is possible. 

crucible 4 is put in box type electric furnace 3 inside which is 
shown in Working Example 1 Figure 2 , 10% water vapor 
which occurs with air pump 5 and evaporator 6 is supplied. 

this occasion, in order for absolute humidity of supplied gas 8 
to become 10%, bysupplying water to evaporator 6 with 
metering pump 7 it controlled. 

In order dew condensation not to do, with state which heats 
electric furnace .after humidity of inside had become fixed, 
vanadium oxide (5 g ) powder 9 wasinserted on crucible 4 as 
active component , multihole plate 10 was installed, in 
ordernot to contact with active component , high specific 
surface area titania pellet (specific surface area approximately 
120 m<sup>2</sup>/g, ;ph 10 X 5<sup>t </sup> ) 1 1 was 
hung from the multihole plate . 

With state 2 hours treatments were done with inside 
temperature 550 deg C. 

[0021] 

Working Example 6 
Working Example I 

With making use of same equipment , other than designating 
molybdenum oxide (5 g )as active component , it tested with 
completely same condition . 
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mm i 



f >A(V/Mo=l.5g)*J5ttB6»tUfcJSmi**< 

ffl5#]8 



mm i 

^ l >A(V/W=1.5g)*SttJ«»tLfcJa*H4±< 
£tJS#]9 

JXK) 150m 2 /g, 01OX5 1 )*flll*fcia*H*Jlli 

HflEfll 10 

120m 2 /g N 010x5* )£ffll*fcJ2lftl* 



[0022] 



11 



^®ft$J 100m 2 / g> 010x5* )£Jfll*fcJfil*U* 



JfeflJ 12 

SfSftj 120m 2 /g, tf 10x5 f )£m*fcJel*H*2l 

HJte#i 13 

h*l^Ki£*BiiM& 150m 2 /g, 01Ox5 , )^ffl 



15 



Working Example 7 
Working Example 1 

With making use of same equipment , other than designating 
molybdenum oxide +vanadium oxide (V/Mo=1.5g )as active 
component , it tested with completely same condition . 

Working Example 8 
Working Example 1 

With making use of same equipment , other than designating 
tungsten oxide +vanadium oxide (V/W=1.5g )as active 
component , it tested with completely same condition . 

Working Example 9 

As carrier , other than using high specific surface area silica 
pellet (specific surface area approximately 150 
m<sup>2</sup>/g, ;ph 10 X 5<sup>t </sup> ), it tested with 
thecompletely same condition as Working Example 1. 

Working Example 10 

As carrier , other than using high specific surface area 
alumina pellet (specific surface area approximately 120 
m<sup>2</sup>/g, ;ph 10 X 5<sup>t </sup> ), it tested with 
thecompletely same condition as Working Example 1 . 

[0022] 

Working Example 1 1 

As carrier , other than using high specific surface area 
zirconia pellet (specific surface area approximately 100 
m<sup>2</sup>/g, ;ph 10 X 5<sup>t </sup> ), it tested with 
thecompletely same condition as Working Example 1 . 

Working Example 12 

As carrier , other than using high specific surface area niobia 
pellet (specific surface area approximately 120 
m<sup>2</sup>/g, ;ph 10 X 5<sup>t </sup> ), it tested with 
thecompletely same condition as Working Example 1 . 

Working Example 1 3 

As carrier , other than using high specific surface area 
hydrogen substitution type mordenite (DANA 77,1,6.1 ) pellet 
(specific surface area approximately 1 50 
m<sup>2</sup>/g, ;ph 10 X 5<sup>t </sup> ), ittested with 
completely same condition as Working Example 1 . 

Working Example 14 

Other than designating heating time as 72 hours, it tested with 
thecompletely same condition as Working Example 2 . 

Working Example 1 5 

Other than designating heating time as 10 min , it tested with 
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iifl i6 

SB<7)iSJgA<-£l::fcofc& > &ol* 2 F*jg|SlcU 
120m 2 / g> 010X5' )11 #S3;&c*:?lC§S<b/\*-}- 

-*-<7):RJgTlW£jg 550 deg C T* 2 B#R0$&g$- 

HJifi^J 17 
HJ&0J5 

<b$>?;Vf>Kff;liHb/<-fi;'t7A(5g)t»;fc 
Ay<Z)6ol3:lc|5]f$|cE&U SIT- ASP 
££ 550 deg C T? 2 B#lffl*&§i;«i3£tTfco 

/Co 

H]$0|J 18 

fcfiL I*ig|5£jg 550 deg CT'2 l$ffl7K3S§i$ttg 
Z'fiUitzo 

19 

iSJtaffi^^-T^^ita®^^ 120m 2 /g) 
mit/t1-i>Ol±Wtt V/Ti=l/9 0»|£T- 2 

B#fH)|£jt;I£L*:&, 010x5 (T^UyhlcJio 

mm^-e, 550 deg C2 B#ffl*jififli3£frfco 

[0024] 
Jt&fllj 1 

\0%*m%.<DiW)lzX&%£otzl>jL9Utn 

it&0i|2 



thecompletely same condition as Working Example 3. 
[0023] 

Working Example 16 

10% water vapor which in box type electric furnace 3inside 
which is shown in Figure 3 occurs with air pump 5 and 
evaporator 6 is supplied. 

this occasion, in order for absolute humidity of supplied gas 8 
to become 10%, bysupplying water to evaporator 6 with 
metering pump 7 it controlled. 

In order dew condensation not to do, in order with state which 
heats the electric furnace , after humidity of inside becomes 
fixed, high specific surface area titania pellet (specific surface 
area approximately 120 m<sup>2</sup>/g, ;ph 10 X 5<sup>t 
</sup> ) for 1 1 to be buried in crucible 2inside vanadium 
oxide powder 9 was inserted, (said treatment which buries 
below and in powder embed treatment you call ). 

With state 2 hours treatments were done with inside 
temperature 550 deg C. 

Working Example 1 7 

Working Example 5 

With after treating similarly, furthermore, it changes said 
pellet into tungsten oxide and hangs in same way to crucible 
of vanadium oxide (5 g ) powder entering and, with state 2 
hours steam treatment were done with inside temperature 550 
degC. 

Working Example 1 8 

Other than using tungsten oxide as active component , as 
Working Example 16 after treatingwith same condition , 
furthermore, said pellet embed after treatingwith vanadium 
oxide , 2 hours steam treatment were done with inside 
temperature 550 deg C. 

Working Example 19 

high specific surface area titania powder (specific surface area 
approximately 120 m<sup>2</sup>/g ) with vanadium oxide 
powder at ratio of V/Ti=l/9 2 hours dry mixing after 
doing.press molding was designated as pellet of the;ph 10 X 
5, with the electric furnace of same temperature *water vapor 
concentration as Working Example 1 , 550 deg C2 hours 
steam treatment were done. 

[0024] 

Comparative Example 1 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 1. 

Comparative Example 2 
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1 0% * & E <D c * §1 £ & o & I * II 

mm 5 tmc&<$T<9&mz'nu?tzo 
mm 6 £Bc*tt-eM£*Tfcofc. 

lt&09 4 
Jt&0>l5 
[0025] 



9 *HC*f*-C*BJi£fr«Eofc. 



\mmi 

10%**ftO)«*3yi=*ft$iSlofcJSmi*! 

10 fcBCJMfeMtffttofc. 

8 

10%*3R»©ft*3yic*ft*2lofcJ«mtt! 



io%**»©tt;byi=*»£2&ofcJ2Wi*; 

ttlMH 10 

io%**»oft^yic*jR$aiofcjsmi*! 

[0026] 

tttfcfl 1 1 

10%**ft©W3yi=*ft*2SofcJ3l*H*! 
16 tHtftft-eOTttrttofc. 



it«« 12 

io%**ft©ft#5y(=*ft*isi-3fcjantt 

Ji£0"J 17 tHC*ft-CM*ff ftofc. 
ttttM 13 

io%**»0ttfryic*jR£aiofcj«i*M*Sl 

Jt$fc$ 14 

io%**ft©ft^ycr**taofcjantt3i 



Other than sending atmosphere in place of 1 0% water vapor , 
it treated withsame condition as Working Example 5. 

Comparative Example 3 

Other than sending atmosphere in place of 1 0% water vapor , 
it treated withsame condition as Working Example 6. 

Comparative Example 4 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 7. 

Comparative Example 5 

Other than sending atmosphere in place of 1 0% water vapor , 
it treated withsame condition as Working Example 8. 

[0025] 

Comparative Example 6 

Other than sending atmosphere in place of 1 0% water vapor , 
it treated withsame condition as Working Example 9. 

Comparative Example 7 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 10. 

Comparative Example 8 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 1 1 . 

Comparative Example 9 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 1 2. 

Comparative Example 1 0 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 13. 

[0026] 

Comparative Example 1 1 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 16. 

Comparative Example 1 2 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 1 7. 

Comparative Example 13 

Other than sending atmosphere in place of 10% water vapor , 
it treated withsame condition as Working Example 1 8. 

Comparative Example 14 

Other than sending atmosphere in place of 1 0% water vapor , 
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[0027] 
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flttfllltRliilS 350 degC, tfXSfca 17m/h (7) 
ftftTTffffclvaMIAPa) NH 3 /NOx fcbl* 1 
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*fcs gffiffl 17 fc<J:tf 18 0)^JB<bSttfiE«'t 

y, *fca 5 ic^-r^ic, xps »«ri=«fcy*« 

[0028] 

'So 



it treated withsame condition as Working Example 19. 
[0027] 

Working Example change of relative activity of Comparative 
Example which corresponds to thatis shown in Figure 4 . 

It is a relative value change of NOx removal efficiency when 
Comparative Example whichnone supplies water vapor is 
designated as standard . 

Measurement did experiment with simulation combustion 
exhaust gas . 

As for composition of said gas as for remainder it was a 
nitrogen gas from the SO<sub>2 </sub>:500 ppm , 
NOxconcentration :200 ppm , 0<sub>2 
</sub>concentration :3.0%. 

It did denitration experiment under condition of temperature 
350 deg C, gas flow rate 1 7m/h , executed 
NH<sub>3</sub>/NOx ratio of catalyst inlet at 1 . 

Concerning whichever improvement of marked activity is 
seen by steam treatment . 

Especially, system which designates vanadium oxide and 
tungsten oxide as the active component in comparison with 
molybdenum oxide system, as for effect of improvement 
islarger. 

In addition, when than Working Example 2 , 3, 14 and 15, 
sintering temperature it is lower, when lengthy , it is high, 
when it is a low temperature sintering short time by calcining, 
the active component amount of movement is improved, 
when it is a high temperature firing , by fact that sintering of 
carrier is prevented, from activity has improved. 

In addition, multilayering active component of Working 
Examples 17 and 18 and activity had largely changedwith 
presence or absence of steam treatment , in addition as shown 
in Figure 5 , whenit is a steam treatment with XPS analysis , 
active component verified to multilayer film that ithas 
converted. 

[0028] 

If heat treatment in water vapor is used with this invention , it 
moves active component to on carrier regardless of contact 
and noncontact , it becomespossible to produce highly active 
catalyst . 

It is to offer manufacturing method of nitrate removing 
catalyst where next, you consider the objective of another of 
this invention , to deficiency of Prior Art which ismentioned 
earlier, are produced with simple step , is superior inresistance 
sintering characteristic, furthermore possesses high 
denitrifying activity . 
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[0029] 

7v<b^-'T*K(H2 SiF 4 )*fcl*W»XXTfl/ 
(Si(OR)< :R \t^9)^tz{t^^)imi^Zt 

>©K<b*tLTI*, 0ij*l£E-B£lb/\*:J-vO 
A(V 2 0 5 )> =IHt* 'J^t^MoOj )» = &lb$ 

Mi-it )\, s tt/H-v^MT^-O^mtf 

CjfcS>©*b£*(Dt&*l*NO££tt<bT*fiM* 
[0030] 

20 

**:/X5'J-lc*.<l&x^i,£iBin-££fc, 

JH&jl»U 150 deg C -CttJftLfc. 
A< l0%lC/d:|)J;3lC^iDL/i o 



n 



tfbtlfc^*^ l h>/cm 2 (DEBT'S 10mm, 
K£ 5mm ©nttttlCJfc»Lfcfc,£afc/*^ 

<fcoT, *JK JR£3EL#A<S> 550 deg C T?2 B#Rfl 



H8lCfclvC. 18tt&j£g»* 19li*3Rft*$ 



«5#J21 

IflMSflU 150 degCTfftflkLfco 
A< 10HI=4**dlC»JPLfc. 



[0029] 

This objective after mixing drying compound and titanium 
dioxide which include silicon , precipitating silica to surface 
of titanium dioxide , next,mixing said titanium dioxide and 
active component or contacting while letting flow the gas 
which includes water vapor constant temperature *constant 
time it is achieved by factthat you keep. 

Regarding to this invention, silicon fluoride acid (H<sub>2 
</sub>SiF<sub>4 </sub> ) or it is desirable as compound 
which includes silicon , to use silicate ester (As for Si (OR ) 
<sub>4 </sub>:R ethyl or methyl ). 

In addition, for example five dioxide vanadium (V<sub>2 
</sub>0<sub>5 </sub> ), molybdenum trioxide 
(MoO<sub>3 </sub> ), it can use the tungsten trioxide (WO 
<sub>3 </sub> ) etc as oxide of vanadium , molybdenum or 
tungsten . 

In addition, you can list for example vanadyl sulfate , vanadyl 
oxalate , ammonium metavanadate etc as compound which 
forms these oxide with thermal processing . 

It can use powder of these compound 2 kinds or more can 
jointly use as the component which activates NO. 

[0030] 

Working Example 2 0 

After adding and mixing , heating and mixing it did ethyl 
silicate in titanium slurry , dried with 150 deg C. 

this occasion, in order for ratio of silica to become 10%, 
itadded addition quantity of ethyl silicate . 

After with pressure of 1 ton /cm <sup>2 </sup> forming in 
cylinder of diameter 10 mm , height 5mm , embedding 
designating powder which it acquires as in the vanadium 
pentoxide powder , while with method which it shows in 
Figure 8 , letting flow water vapor it acquired catalyst of this 
invention by fact that it does2 hours treatments with 550 deg 
C. 

In Figure 8 , as for 1 8 as for reactor , 19 as for gas inlet , 20 
whichincludes water vapor as for nozzle , 21 active 
component (vanadium pentoxide ), as for 22 as for the 
titanium dioxide molded article , 23 it is a gas exit . 

Working Example 2 1 

After adding and mixing , heating and mixing it did ethyl 
silicate in titanium slurry , dried withl50 deg C. 

this occasion, in order for ratio of silica to become 10%, 
itadded addition quantity of ethyl silicate . 
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22 
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While ratio of both was Ti/Vatomic ratio and in order to 
become 95/5,adding and heating and mixing doing vanadium 
pentoxide powder , in powder 50g which itacquires and with 
method which shows powder which it dries in Figure 9 , 
letting flow water vapor 2 hours it treated with 550 deg C. 

powder which it acquires with pressure of 1 ton /cm <sup>2 
</sup> it formed in the cylinder of 10 mm , height 5mm . 

In Figure 9 , as for 24 with titanium dioxide particle , as for 
other things it is thesame as Figure 8 . 

[003 1 ] 

Working Example 2 2 

After adding and mixing , heating and mixing it did ethyl 
silicate in titanium slurry , dried with 150 deg C. 

this occasion, in order for ratio of silica to become 1 0%, 
itadded addition quantity of ethyl silicate . 

While with method which after with pressure of 1 ton /cm 
<sup>2 </sup> forming in cylinder of diameter 10 mm , 
height 5mm , shows powder which it acquiresin Figure 10 
making use of vanadium pentoxide powder , letting flow 
water vapor itacquired catalyst of this invention by fact that it 
does 2 hours treatments with 550 deg C. 

In Figure 10 , titanium dioxide molded article 22 is mounted 
on multihole plate 25 which is provided in upper part space 
which leaves from vanadium pentoxide powder . 

Working Example 2 3 

tungsten trioxide powder was used in place of vanadium 
pentoxide powder . 

It treated other things in same way as Working Example 2 0. 
Working Example 2 4 

tungsten trioxide powder was used in place of vanadium 
pentoxide powder . 

It treated other things in same way as Working Example 2 1 . 
Working Example 2 5 

tungsten trioxide powder was used in place of vanadium 
pentoxide powder . 

It treated other things in same way as Working Example 2 2. 
[0035] 

[Effects of the Invention ] 

According to invention of Claim 1 ~6 of this application , 
because it cansimplify or can abolish drying process in 
catalyst production step , simplification of the production step 
and facility becomes possible. 
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[0036] 

«*ifc»S/>^U>ytt4:»^IKWatt* 

[01] 



0o 

[02] 



[03] 
[04] 



[05] 

17 fccfctf 18 <tJ±$£0l] 12 fcjctf 13 COS!? 



[06] 
[07] 
[08] 

H«50"l 20 <D««»ft*j*£ift1-Ho 

[09] 

H«5#] 21 0ftttHjftm*»ril. 



In addition, case where active component is dispersed with 
liquid phase because pH adjustment and unnecessary , 
production control become easy. 

With above, high performance catalyst can be produced with 
inexpensive production cost . 

[0036] 

Resistance sintering characteristic which is superior according 
to theinvention of Claim 7-8 of this application , from fact 
that beforehand in titanium dioxide particle surface 
microscopic silicon after precipitating, vanadium oxide or 
other active compound can be added, istreated in water 
vapor , until recently in comparison with catalyst , the catalyst 
which has high denitrifying activity can be produced. 

[Brief Explanation of the Drawing (s )] 

[Figure 1 ] 

conceptual diagram . which shows fundamental structure of 
nitrate removing catalyst of this invention 

[Figure 2 ] 

conceptual diagram . which shows loading treatment 
equipment of Working Example 1 

[Figure 3 ] 

conceptual diagram . which shows loading treatment 
equipment of Working Example 16 

[Figure 4 ] 

Figure which compares catalytic activity of Working Example 
and Comparative Example . 

[Figure 5 ] 

Figure which shows depth direction concentration distribution 
of Working Examples 17 and 18 and Comparative Example 
12 and 13. 

[Figure 6 ] 

conceptual diagram . which shows conventional nitrogen 
oxide-removal device 

[Figure 7 ] 

conceptual diagram . which shows bearing mechanism in this 
invention 

[Figure 8 ] 

Figure which shows catalyst production method of Working 
Example 2 0. 

[Figure 9 ] 

Figure which shows catalyst production method of Working 
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Example 2 1 . 
[Figure 10 ] 

Figure which shows catalyst production method of Working 
Example 2 2. 

[Figure 1 1 ] 

With Working Example and Comparative Example of 
invention of this application relative figure of NOx removal 
efficiency of catalyst . 

[Figure 12] 

With Working Example and Comparative Example of 
invention of this application relative figure of crystallite 
diameter of catalyst . 

[Figure 13 ] 

catalyst of invention of this application and figure which 
shows XPS analysis result of titanium dioxide surface of 
Comparative Example catalyst . 

[Explanation of Symbols in Drawings ] 
1 

active component layer 
10 

multihole plate 
11 

carrier pellet 
12 

boiler 
13 

nitrogen oxide-removal device 
14 

air preheater 
15 

dust collector 
16 

exhaust gas chimney 
17 

NH3 inlet part 
18 

reactor 
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19 

2 

m 

20 
21 
22 
23 
24 

8Hb^$>&* 

25 

3 

4 

5 

6 

7 

8 

9 

SHb/W^Aft* 

Drawings 

[01] 



19 

gas inlet which includes water vapor 
2 

carrier 
20 

nozzle 
21 

active component 
22 

titanium dioxide molded article 
23 

gas exit 
24 

titanium dioxide particle 
25 

multihole plate 
3 

electric furnace 
4 

crucible 
5 

air pump 
6 

evaporator 
7 

Water metering feed pump 
8 

supplied gas 
9 

vanadium oxide powder 
[Figure 1 ] 
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[Figure 2 ] 
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[Figure 4 ] 
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[Figure 3 ] 
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[Figure 5 ] 
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[Figure 6 ] 
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[Figure 7 ] 
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[Figure 8 ] 
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